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EXECUTIVE SUMMARY

A detailed test method comparison was performed to assess the equivalence of test methods for
composite materials, with emphasis on the Committee for European Standardization and ASTM
International test methods referred to in the SAE International Aerospace Material Specification
(AMS) 2980 and 3970 specifications. This comparison included both the parameters associated
with two comparable test methods and the additions and changes listed in the AMS
specifications. For the types of tests where only one test method is referred to in the SAE
specifications, a second comparable ASTM or Suppliers of Advanced Composite Materials
Association test method was selected for comparison purposes. In total, two test methods were
reviewed and compared for a total of 16 different types of tests. For each type of test, three
comparison tables are presented, focusing on geometric features of the specimen and test fixture,
parameters associated with the test procedure, and procedures for data reduction and reporting.
Each table contains a list of individual parameters specified in the test methods as well as any
additions or changes provided in the AMS 2980 and 3970 specifications. For every parameter
listed in the comparison tables, an assessment of the equivalence was made using a 0-4 rating
scale. A brief summary of each test method comparison is provided, which emphasizes the most
significant differences between the test methods.

Based on the comparative assessments performed, 4 of the 16 types of tests were recommended
for follow-on testing to further assess test method equivalency. Note that the selection of these
four tests for follow-on testing only reflects the need for additional test data to assess
equivalency and is not a reflection of their degree of equivalency relative to the other tests. The
four types of tests recommended for follow-on testing are lamina compression testing to assess
the effects of gage length, laminate compression testing to assess the effects of loading method,
in-plane shear testing to investigate the effects of specimen thickness, and constituent content
determinations to investigate the effects of specimen size and weighing accuracy.
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1. INTRODUCTION.

1.1 BACKGROUND TO COMPARISON STUDY.

The motivation for this comparative evaluation of U.S. and European test methods for composite
materials dates back to the early 1990s. At that time, a composite materials characterization
program was initiated to generate a data set and subsequently qualify a composite material
system for commercial aircraft repair [1]. The material to be qualified was a wet lay-up
composite material to be processed with a vacuum-only cure and used for airframe repair. The
carbon fiber used (HTA 5131, Tenax Fibers, Wuppertal, Germany) was woven into a 3 K plain
weave (Hexcel Fabrics S.A., Lyon, France) and impregnated with Epocast 52 A/B epoxy resin
(Vantico A&T, Los Angeles, CA). Two resin impregnation methods were used, referred to as
the squeeze-out method and the vertical bleed method. A variety of laminate and sandwich panel
configurations were produced and cured at 200°F under vacuum pressure.

The material qualification program was performed according to SAE International Aerospace
Material Specification (AMS) 2980 [2] and Commercial Aircraft Composite Repair Committee
(CACRC) requirements, which used Committee for European Standardization (CEN) test
methods. The goal of this material characterization program, sponsored by the manufacturers of
the fiber and resin, was to qualify a composite material system to be used in the repair of
composite structures on commercial aircraft. Mechanical testing performed included tension,
compression, in-plane shear, open-hole tension, filled-hole tension, open-hole compression,
filled-hole compression, bearing, compression-after-impact, tension-tapered joint, and tension-
stepped joint tests. At the completion of testing, the mechanical test results were processed into
MIL Handbook-acceptable form to provide statistical data.

In the mid-1990s, a MIL-Handbook-17 Composite Materials Handbook Committee reviewed the
test methods used in this material qualification program and compared them to the test methods
recommended by MIL-HDBK-17 [3]. They noted that CEN test methods were used extensively
in this qualification program, whereas MIL-HDBK-17 focuses on ASTM International test
methods. The MIL-HDBK-17 committee determined that the CEN and ASTM test methods
differed in several aspects, raising concerns that the SAE specified tests do not produce
equivalent results to the MIL-HDBK-17-recommended test methods. Results of the MIL-
HDBK-17 committee review were published by email in October 1995 [4].

Following this review, discussions continued between MIL-HDBK-17 and CACRC personnel.
Although the CACRC continued using CEN test methods, similar ASTM test methods were
added to the SAE specifications as an alternate for some tests. Additionally, for several types of
tests included in both SAE AMS 2980 [2] (for wet lay-up material) and SAE AMS 3970 [5] (for
prepreg material), several parameters were specified that limited potential differences in test
results between the CEN and ASTM test methods. For several types of tests, however, it
remained unclear if the ASTM and CEN test methods would produce equivalent test results. In
May 2002, a joint meeting was held between CACRC and the MIL-HDBK-17 committees.
Following this meeting, Mr. Rich Fields reviewed the test methods in the initial release of SAE
AMS 3970 [5] and wrote a summary of findings and conclusions [6]. Mr. Fields concluded that
results from some CEN test methods would not be expected to be equivalent to results for the
same properties obtained using MIL-HDBK-17-recommended test methods.



The detailed test method comparison contained in this report is directed towards assessing the
equivalence of the different test methods (primarily CEN and ASTM) referred to in the SAE
AMS 2980 and 3970 specifications. Of interest is both a direct comparison of the test methods
as well as an investigation of the effects of additions and changes given in the AMS
specifications. For the types of tests where only one test method is referred to in the SAE
specifications, a second comparable ASTM or Suppliers of Advanced Composite Materials
Association (SACMA) test method was selected for comparison purposes. In total, two test
methods were reviewed and compared for a total of 16 different types of tests. In addition to a
detailed comparison of test method parameters, the significance of differences in parameters was
assessed. For those tests where the significance of an important difference was not known,
follow-on mechanical testing was proposed for the second round of this investigation. The types
of tests recommended for follow-on mechanical testing and the specific parameters to be
assessed are summarized in the final section of this report.

1.2 METHOD OF COMPARATIVE EVALUATION.

For each of the 16 types of tests considered, two different test methods were carefully reviewed
and compared. For each type of test, the results of the comparative evaluation have been
arranged into three comparison tables. The first table focuses on geometric features of the
specimen and test fixture. Included in this table are important dimensions and tolerances
associated with both the test specimen and fixture. The second table focuses on parameters
associated with the test procedure, which include parameters associated with specimen
preparation and instrumentation, procedures for specimen preconditioning, loading, and testing,
and accuracy requirements for measured quantities. The third table focuses on procedures for
data reduction and reporting, which include procedures, formulas, and statistical methods used to
calculate and report test quantities.

In addition to listing specific parameters associated with each of the test methods reviewed, the
significance of differences in parameters was assessed and included in the comparison tables.
For every parameter compared, an assessment of the equivalence was made using the following
rating scale:

. 0—No difference, essentially the same, not expected to produce any effect on results
. I—Insignificant difference, potential to produce insignificant effect on results
. 2—Minimal difference, difference of minimal significance, potential to produce minimal

effect on results

. 3—Moderate difference, difference of moderate significance, potential to produce
moderate effect on results

. 4—Major difference, difference of major significance, potential to produce major effect
on results
. NC—Not comparable



An initial draft of these comparison tables was prepared and distributed to a selected group for
evaluation. This group of evaluators consisted of:

. Mr. Rich Fields, Lockheed Martin Orlando, Chairman of ASTM D 30 Committee and
Co-Chairman of MIL-HDBK-17 Testing Working Group

. Mr. Peter Shyprykevich, Federal Aviation Administration

. Dr. Donald F. Adams, President of Wyoming Test Fixtures, Inc.

. Dr. John Tomblin, Director of the National Institute for Aviation Research at Wichita
State University

The author and evaluators met at Wichita State University in August 2003 to discuss the
comparison and assessment tables as well as to determine which tests would require follow-on
testing to assess equivalence. As a result of this meeting, changes were made to both the format
and the content of the comparison and assessment tables. Additionally, four types of tests were
identified as requiring follow-on testing in the second round of this investigation to assess
equivalence.

In the following section, test methods are compared for 16 types of tests for composite materials.
A brief summary of the comparison is followed by the three comparative tables for each type of
test. The final section of this report presents the tests that were identified as requiring follow-on
testing in the second round of this investigation to assess equivalence.

2. TEST METHOD COMPARISONS.

In this section, each of the 16 types of tests is compared and the significance of differences is
assessed. Three comparison tables are presented, focusing on geometric features of the specimen
and test fixture, parameters associated with the test procedure, and procedures for data reduction
and reporting. Each table contains a list of individual parameters specified in the test methods as
well as any additions or changes provided in the AMS 2980 and 3970 specifications. The
column of AMS-specified additions/changes is placed between the columns containing the
description of parameters from the two test methods. The column heading for the AMS
specifications states which of the test methods the additions/changes are intended to modify. For
further clarification, the column of AMS additions/changes is separated from the test methods by
either a single line or double line, depending on whether the test method is included in the AMS
specifications. A single line ( | ) is used when the test method is listed in the AMS
specifications, whereas a double line ( || ) is used when the test method is not listed.

For every parameter listed in the comparison tables, an assessment of the equivalence was made
using a 0-4 rating scale. The definitions used for each number rating are:

. 0—No difference, essentially the same, not expected to produce any effect on results
. 1—Insignificant difference, potential to produce insignificant effect on results
. 2—Minimal difference, difference of minimal significance, potential to produce minimal

effect on results



. 3—Moderate difference, difference of moderate significance, potential to produce
moderate effect on results

. 4—Major difference, difference of major significance, potential to produce major effect
on results

For cases where an assessment of equivalence is not possible, a rating of NC (not comparable) is
used. A brief summary of each test method comparison is provided, which emphasizes the most
significant differences between the test methods.

In the comparisons that follow, the two test methods selected were based on those referred to in
the AMS specifications. For several types of tests, both a CEN and an ASTM test method are
referred to in the AMS specification and are, therefore, used for comparison. In several other
cases, however, only a CEN test method is referred to in the AMS specifications. For these
cases, a similar ASTM test method existed, either a draft ASTM standard or a SACMA-
recommended method was selected. For one type of test, the AMS specifications referred only
to a SACMA -recommended method. For this case, a comparable ASTM standard was identified
and used for comparison.

Of the CEN test methods used for comparison, several of the standards are currently draft or
preliminary standards and are denoted as prEN test methods. Other test methods, which have
been approved by CEN, are denoted as EN test methods.

2.1 LAMINA TENSION TESTING.

The two test methods considered, EN 2561 and ASTM D 3039, are similar test methods for
determining tensile properties of composite materials (tables 1 through 3). However, EN 2561 is
limited in scope to 0° unidirectional carbon fiber composites, whereas ASTM D 3039 is
applicable to balanced and symmetric laminates as well as discontinuous fiber polymer
composites. The AMS 2980 and 3970 specifications provide additions and changes to either
standard for testing woven fabric laminates. Although different specimen widths and thicknesses
are specified for the different types of laminates (unidirectional, woven fabric, and balanced and
symmetric laminates), the stated widths are consistent among the specifications for each laminate

type.

A comparison of specimen geometries revealed only minor differences in dimensions and
tolerances that were considered to produce insignificant effects on results. Differences in
tabbing requirements may produce a minimal effect on results. Whereas both EN 2561 and
ASTM D 3039 specify a minimum of five specimens, the AMS 2980 and 3970 specifications
require six specimens. Different micrometers specified in EN 2561 and ASTM D 3039 for
measuring specimen thickness as well as different data ranges for calculating the modulus of
elasticity and Poisson’s ratio may produce minimal effects on results. Whereas ASTM D 3039
requires the reporting of failure modes to follow a three-part code and does not specify
requirements for acceptable failures, the EN 2561 and the AMS specifications require that
specimens fail within the gage section (between the grips) but do not require the reporting of the
observed failure mode.
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2.2 LAMINATE TENSION TESTING.

Although ASTM D 3039 pertains to the tensile testing of quasi-isotropic composite laminates, it
does not have a comparable open-hole test configuration such that the effect of the open hole can
be determined. As a result, the prEN 6035 test specifications were compared to the ASTM D
5766 test method (open-hole tensile strength) but without a hole present in the specimen (tables 4
through 6). ASTM D 5766 describes a uniaxial tension test of a balanced, symmetric laminate
that is performed in accordance with ASTM D 3039, but with a centrally located hole and
without strain or displacement transducers. Thus, many aspects of the ASTM D 3039 and D
5766 test procedures and data reduction and recording methods are the same. The AMS 2980
and 3970 specifications provide additions and changes to either the prEN 6035 or the ASTM D
5766 standards, primarily relating to the specimen geometry.

A comparison of specimen geometries revealed only minor differences in dimensions with the
exception of specimen widths. Whereas a width-tapered specimen with a 30-mm gage section is
specified in prEN 6035, a constant width 36-mm specimen is specified in ASTM D 5766. AMS
2980 and 3970 modify both specifications to an untapered 38.1-mm-wide specimen. Differences
in tabbing requirements provided in the prEN 6035 and the ASTM D 5766 test methods may
produce a minimal effect on results. AMS 2980 and 3970 require six specimens, whereas both
EN 2561 and ASTM D 5766 specify a minimum of five specimens. Additionally, different
micrometers specified in EN 2561 and ASTM D 5766 for measuring specimen thickness may
produce minimal effects on results.
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2.3 OPEN-HOLE TENSION TESTING.

The two test methods considered, prEN 6035 and ASTM D 5766, are similar test methods for
determining the open-hole tensile strength of composite laminates (tables 7 through 9). The
AMS 2980 and 3970 specifications provide additions and changes to either the prEN 6035 or the
ASTM D 5766 standards, primarily relating to the specimen geometry. One significant
difference in specimen geometries is the specimen widths, which range from 30 mm (prEN
6035) to 36.1 mm (ASTM D 5766). The AMS 2980 and 3970 specifications modify both values
to a width of 38.1 mm. Although a 6.35-mm-diameter hole is specified in both the prEN 6035
and the AMS specifications, ASTM D 5766 requires a 6-mm-diameter hole. The resulting
specimen width-to-hole diameter ratio varies from 4.7 for prEN 6035 to 6.0 for both the ASTM
D 5766 and the AMS 2980 and 3970 specifications. AMS 2980 and 3970 require six specimens,
whereas both EN 2561 and ASTM D 5766 specify a minimum of five specimens. Additionally,
different micrometers specified in EN 2561 and ASTM D 5766 for measuring specimen may
produce minimal effects on results.
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2.4 LAMINA COMPRESSION TESTING.

The two test methods considered, prEN 2850-B and SACMA SRM 1 R-94, are similar test
methods for determining compressive properties of composite materials (tables 10 through 12).
This type of compression test, sometimes referred to as a modified ASTM D 695 compression
test, features an end-loaded, face-supported specimen. Whereas untabbed specimens are used for
modulus determinations, tabbed specimens are used for strength determination. Note that prEN
2850-B describes two types of compression tests; this comparison is based on method B. The
AMS 2980 and 3970 specifications provide additions and changes only to prEN 2850-B; the
SACMA SRM 1 standard is not referred to in either AMS specification.

A comparison of specimen geometries revealed several minor differences in dimensions and
tolerances that are not expected to produce significant effects on results. Some confusion exists
concerning the specification of specimen gage lengths, however. Whereas similar gage lengths
are listed for the prEN 2850-B and SACMA SRM 1 test methods (5 mm versus 4.75 mm,
respectively), the AMS 2980 and 3970 specifications, which modify the prEN 2850-B test
method, specify a 12.5-mm gage length. It is possible that this significantly larger gage length
given in the AMS 2980 and 3970 specifications refers to a different quantity. The shorter gage
lengths specified in both the prEN 2850-B and SACMA SRM 1 test methods are clearly shown
as the length of the untabbed region of the specimen used for strength determination. The
opening in the face support, or cover plate, used for untabbed specimens during modulus
determination is shown as 12.7 mm in length in the SACMA SRM 1 test method. Since the
12.5-mm gage length is simply stated in the AMS 2980 and 3970 specifications without referring
to a drawing, it is not clear whether this dimension refers to the tabbed or the untabbed specimen
configurations. However, this 12.5-mm dimension is believed to refer to the length of the
opening in the face support in the modulus specimens.

Whereas both prEN 2850-B and SACMA SRM 1 specitfy a minimum of five specimens, the
AMS 2980 and 3970 specifications require six specimens. Different data ranges for calculating
the modulus of elasticity between prEN 2850-B and SACMA SRM 1 may produce minimal
effects on results.

23



(ade) 10 O1IQR}) UOT)RIUOLIO

uswoads oy se [eLojew

I 06/0 ®© ur [eLoyewr dsodwo)) quies 9y} SuISn SPUATUOINY [eLdYeW QR
Sqe) Te1S9JUr IO POpUOq IO o
JUSUIQINSBOW JUSUWIQINSBOW
y3uans 10§ uowroads paqge], e y3uans 10§ uowroads paqge], e
JUSUWIAINSEAW JUSWIAINSBAW SN[NPOW
0 sn[npow 10J uowIodds paqqeiu) e I0J uowroads paqqeiu) e sqe1 Jo asn)
SsauwyoI)
[eurou w-g() ¢ :suawioads ouiqe,] e
SSAUWYOIY) [BUIIOU
I ww-z(' | :S[eLo)eW [EUOOIIPIUN) o payroads JoN SSUOIY} udWIddg
wsIa[rered
OpIS-03-9pIsS WW-G(O'() e 90URIJ[0}
I W [°0F W Z°0F o yIpIm uawrdadg
I wwr o'l wwr ¢ PpIM udwoads
90URIJ[O}
I wwr "0+ ww 0-/S'0F | pSuol oFe3 uowroadg
(uoneuruLe}ap (¢uoneUIWLIANAP Snnpow (uoneuruLe}ap
)3ud1s I0J pasn suowoads 10J pasn suawiroads 10y 3oddns )3ud1s I0J pasn suowoads
€-C Ul Sqe) U99MIQq oUB)SIP) W G/ ' ooey o) ur Suruado) Wi g7 | Ul Sqe) Ueomiaq doueisIp) Wi G | p3uQ) 95es uowroadg
Iu9[
1 wu oF W 08 wur )8 01 G/ uowiroads [[BIoAQ
(T-0L6€ SWV)
(drep aatssardwio)) °[(06/0)]
(YoM 2atssardwo)) °[(0/06)]
souqe] (2-086T SNV) souqe]
1 S9jeUIIR] [BUOI}OAIIPIUN) (o oarssaxdwo))) S[(0/06)] S9jeUIUR] [BUOTIOAIIPIU) dn-Ae[ ojeure|
ooudIlIIq suonedy1oads $6-¥1 NS VINOVS (€579 uonoag) suoneayroads g-0587 Na1d K1edoig

Jo soueyroduuy

g-0587 Na1d 0y saSuey)
/SUOBIPPY 0L6£/086C SNV

SNOSIIVJNOD OIALANOTD NAWIOAdS—(LATM/IIVM) DONILSAL NOISSTIINOD VNIAVT 01 419V.L

24



(so3e3 urens

103) uowroads Jo yISus] Wwl-/ 7|

[ETU2D UI UONEBLIIS INOYIM $9031d
yjoddns :juowoInsesw SNNPON e

uowiroads

JO )3UD[ 2IMUD J9A0 PIjeLIos sooo1d
yoddns :juowonseow PSUANS o

(p8uons

pue snnpowr) saoje[d yroddns
uowroads JO )9S JUAIQJJIP OM],

papraoid

(so3e3
urer)s 10J) uawroads jo y3ug|
ww-/ 7] [eJUd0 Ul UOT)BIIOS
oy sado1d roddns
JUSWIOINSBAW SN[NPOJN o
uowoads Jo 3ud aInuo
I9A0 pojelIas $0091d j1oddns
JUOWAINSBOW YYSUSNS o
syroddns uawroads
JO S19S JUOIOIJIP OM],
pap1aoid s3urmerp

0 s3urmeIp pauorsuowip A[ng e pouorsuawip A[enied e QIMXIJ 1S9,
0 .06 .06 o[3ue [9A9q qe L,
y3uoy o5e3 y3u9| o8e3 w-g
1 ww-G/ "t 9onpoid 03 paxmbar yySuo oonpoid 03 paxmnbar y3uo p3u9 qel,
ooudIlIIq suonedy1oads $6-¥1 NS VINOVS (€579 uonoag) suoneayroads g-0587 Na1d K1edoig

Jo soueyroduuy

g-0587 Na1d 0y saSuey)
/SUOBIPPY 0L6£/086C SNV

(ponunuo)) SNOSIIVINOD DTILANOAD NANIDAdS—(LIAM/dIVM) DNILSAL NOISSTIJIINOD VNIAVT 01 4T14V.L

25



anbaioy payyroads oy
03 A[[enuonbas asearour udy)

‘onb1oy mo[ © 03 A[erzuanbas wN S0
I WN O] 01L0 $3]0q [[e anbioy 3811 ] Jo peoj Surddu3 e Ajddy | onbioy 3jjoq aImyx1y 1S9,
SIUSUIINSBOW
0M] JO OFBIOAB OS]
syutod [BIOASS Q3u9[
1B WW [(°( UIYILM O} QINSBIN o o3e3 oy ur 901M) JINSBIN
KoeInooe wiw-¢()°() Surpealr ww [()°() 0} 9JeIndoe SsouyoIY) uawIoads
I J10J 9[qeINS JOJOUWOIIIW [[BQ-A[qNO(] o IQJOWOIOTW PAJRI-JB o JO JUSWSINSBIIA]
syurod [eIoA9s
18 WW [()°() UIYIIM O} QINSBIN o ISuQ[ 9583 oY) UI QINSBIN o
KoeInooe ww-¢()'() Surpear wur [()°() 0} dJeIndde PpIm uawroads
I 10J 9[qeIINS JOIOWOION 908)-JB[] IOJOWOIOTW PAJRI-1B] o JO JuswaINSeaN
Surpuaq 10§ YOO 0} POPUSUIOII
BaIE SOFeT urens Joeq-0}-oryg
SS9 JO W ¢ 99 PInoys 93e3 urens e
19)9w0ssaiduiod posn o3uel Urens ay} ur o, |
I 9[qeins 1o 95e3 UrenNsS . uryIm o3 9Jernodde sodes ureng JUSWIDINSBIW UTenS
(T-0L6€ SNV pue
z suow1oads oATJ 15891 1Y 7-086T SINV) suowrdads x1g suowroads oALq Surdweg
0 UTUL/TU | UTW/WUT | paads 1saT,
UonIPUOd 159}
o3 10J uowIoads ISIIf ) U0 Kem 9[qeyIns & UI PAINSUD
paureIqo 2q [[eYs SIUSWRINSLIW 9q [[eyS JuoWUSIE 9JeINdoE
I PassaIppe JON a3e3 urens yoeq-o}-yoeg ue ‘SuIpong proAe 03 I9pIo uf juowuSIfe uowroadg
pasn o3uel peo|
! ¥ 4 INLSV Aq pauljop sy U1 JO %[ UM 0) 9JBINOdY 10jedIpul peo]
OURHIA suoneoy10ads 6-1 INYS VINOV'S (€'6'9 uono9g) suoneoy1oads g-0587 Ng1d 9Inpasoid
Jo qoueyroduy g-0587 NA1d 03 so3uey)
/SUONIPPY 0L6€/086C SINV
SNOSTIVIINOD TINATD0Ud LSAL—(LIAM/dIVM) ONILSAL NOISSTIIINOD VNIANVT ‘11 414V.L

26



— e —

uowroads Yyoes I0J SWN[OA 13qL
1930w0ssaxdwoos 10 23e3 ureng o
101810d0 1S9,

1S9} JO UOIJBOO[/A)B(] o

weiderp
0 SUOLIPUOD urens 1o “dsip ‘o sA peoJ e
0 drnjerodwoy/Apruuny OALIR[Y e
0 £101STY SUTUOT)IPUOD 151 SuonIpuod aINsodxo/FM3Y
0 Pasn poyjouI 3so, e Pasn poyjouI 3so, e
0 potjow 3S9) WO} SUOHEBIAD( SUOTJBIAOD/S)USPIOU] o
0 SUOISUQWIP UoWIAdS SUOISUOWIP UoWIAdS
0 uoneredord uowroodg uoneredord uowroadg sjuowaInbaz
0 0JUI/UOIIBOIJJUIPI [BLIDJBIA o OJUI/UOTIBOIJJUIPI [BLINJBIN o Sunrodar 10y10
UOT)BLIBA
JO JUSIDI}JO00 PUB ‘UOHBIADD PIRPUE)S SUOIBIAQD PIEpPUR)S PUR ‘SUBIUI
I ‘onfea 93BIdAR ‘SonjeA [BNPIAIPU] JN)OWIYILIE ‘SaN[eA [ENPIAIPU] sonsnels
Sumuds 10 ‘1eOYS 9s10ASURY "Spuo
BOIR B} 9U) UIYIIM dInjre] ‘SUII00Iq ‘TBIYS SSIUNOIY) oy Jo Surysnq ou 3q [[eys 1Y [,
10 ‘Spuoqap qe) Je 10 SME[J SNOIAQO ysnoayy Surpnjout y3us] o95e3 | -2091d 3591 oy JO YIFU] 991 Ay Ul
I QWS JB YB2Iq JBY) SUowIodds 15219y | oyp urym anjrey uoissardwo) | SINO20 dIn[Iey J1 pIfeA AJUO ST 1S9 opowr dInjre,{
peo|
S2In31y JuedIIIUSIS 3913 03 J10day 31 000€-0001 | In[Iey JO 9,0 PUB %] USIMIDq Aronse? Jo
z 311 000€-000T USAMIdq SNNPOW JUBISS :sjur0d 9OUDISJRI SNINPOIA PAINSBIW SNINPOW JULd9S | sninpowr uorssardwo))
SaIn31y JuedIUSIS 921y 03 1oday uawroads qQ3uamns
0 udwroads yoes 10J BaIR 95BIJAR 9S) [oed I10J BAIR 03RIOAR OS[) |  QAISsaIdwoo djewn)
SJUQWIAINSBOW
SJUQUISINSBIW SSAUIIIY} OFBIOAR SSOUIOIY} OM] JO AZBIoAR
I SOWI) SJUSWIOINSBOW [IPIM 95BIOAY SOWIT) SJUSIAINSEOW YIPIA V ‘eare uowroadg
USRI suoneoly10ads $6-41 INYUS VINOV'S (€'6'9 uono9g) suoneolyioads g-058¢ NId AmuenQ

Jo soueyroduuy

g-0587 NA1d 01 saguey)
/SUONIPPY 0L6€/086C SINV

SNOSIIVINOD DNILIOdTI/NOILONATY VIVA—(LIAM/dIVM) DNILSAL NOISSTIINOD VNIAVT "I 41dV.L

27



2.5 LAMINATE COMPRESSION TESTING.

The laminate compression test method referred to in the AMS 2980 and 3970 specifications is
the SACMA SRM 3-94 open-hole compression test method, but using a specimen without a hole
(tables 13 through 15). Since the resulting test method is not similar to any ASTM compression
tests without holes, a comparison is made to ASTM D 6484 using a specimen without a central
hole. This test method is very similar to SACMA SRM 3 and therefore provides for a good
comparison. Note, however, that the AMS 2980 and 3970 specifications provide additions and
changes only to SACMA SRM 3; the ASTM D 6484 standard is not referred to in either AMS
specification.

A comparison of specimen geometries and tolerances revealed only minor differences, none of
which are expected to produce significant effects on results. AMS 2980 and 3970 require six
specimens, whereas both SACMA SRM 3 and ASTM D 6484 specify a minimum of five
specimens. Whereas strain measurement methods differ between SACMA SRM 3 and ASTM D
6484, both are intended for testing an open-hole specimen, and thus the comparison is of limited
significance when used for unnotched compression testing. Although the test fixture specified in
the two test methods is very similar, the method of load introduction differs significantly.
Whereas ASTM D 6484 requires hydraulic wedge grips to be used to grip the test fixture, the
SACMA SRM 3 test method allows the test fixture to be end-loaded between two parallel
platens of the test machine.
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